A pattern of variation of Micrococcus tetragenw9 (Reimann, 1936 a, b), the transformation of its bacterial types (Reimann, 1937 a), and the significance of bacterial variation (Reimann, 1937 b,) were described and discussed in a series of papers published in this Journal. A strain of M. tetragenus isolated from the blood of a patient produced white colonies on agar, (Reimann, 1935) . During the course of several years' study under a variety of cultural conditions, four distinct "types" were derived from the original white form. The five types were named White, Yellow, Pink, Pink-yellow and Brown because of the characteristic color of the colonies of each type. Besides these five types, a translucent form and a bacillary form were also encountered, but their position in the scheme of dissociation is not understood. Bacteria from each type were serologically specific, had numerous other constant biologic characteristics and were stable on subculture except for the occasional origin of a different type. Besides the tendency to spontaneous origin of type or transformation of one type into another, bacteria of each type, except the translucent form, in turn gave rise to the usual "culture phases"
The recognition and acceptance of such a scheme may simplify the problem of nomenclature which is apparently confused by the unnecessary custom of giving names indicating different species or varieties to newly isolated strains of M. tetragenus simply because of a different color of the colonies as they appear on culture media, or because of other peculiarities. Similar remarks may apply to other bacteria as well. In the light of an orderly arranged plan, many of the supposed separate varieties or species seem to be an integral part of the dissociative or genetic pattern of a single species (Reimann, 1938) . If an analogy is permitted, one may point out that a single botanical species may be composed of plants with different colored flowers.
In the present study, the isolation and identification of the pigments made by bacteria of the different types of a strain of M.
tetragenus are described. Comparatively few attempts have been made to isolate and identify the carotinoid pigments of bacterial origin. Palmer, in his monograph on carotinoid pigments (1922) , mentions Zopf (1889 Zopf ( -1892 as the first to describe bacterial pigments which can be regarded as carotinoid. Schrotter (1895) identified the pigments of Sarcina aurantiaca and Staphylococcus aureus as lipoxanthines or carotinoids. Gurd and Dennis (1911) found the bright yellow tint of Myocobacterium leprae to be due to a lipochrome pigment but made no further attempts to identify it. Reader (1925) isolated lycopene and a carotene from Sarcina aurantiaca. From Streptothrix corallinus she isolated what was considered a new pigment, coralin. Stone and Coulter (1932) isolated lycopene from diphtheria bacilli. Chargaff (1932 Chargaff ( -1935 isolated a carotene pigment, sarcinene, and a xanthophyll from Sarcina lutea; (3 carotene and zeaxanthin from Sarcina aurantiaca; zeaxanthin from Staphylococcus aureus; (3 carotene, a small quan-tity of y carotene, lutein and probably another xanthophyll from Mycobacterium phlei. He studied two other strains of acid-fast bacilli and from one he isolated I3 and y carotene and a xanthophyll; from the other ,3 and y carotene, lycopene and a xanthophyll. Brown, Steenbock, Ingraham, and Fred, (1933) and Ingraham and Baumann (1934) have shown that carotene is produced by a large number of aerobic bacteria, especially the corynebacteria and mycobacteria. Xanthophyll and xanthophyll esters were associated with the carotene, but attempts at identification were not made. Ingraham and Steenbock (1935) studied the changes in the amounts of pigments produced by Mycobacterium phlei when the constituents of a synthetic medium were varied. On passing a petroleum ether solution of the mixed pigments through a magnesium oxide absorption column at least a dozen bands appeared. Six of the pigments were identified as 'y carotene, f3 carotene, kryptoxanthin, esters of lutein, zeaxanthin and azafrin. Karrer and coworkers (1935-40) (Onslow, 1925) . As studies progress one may anticipate the coining of an unnecessary multiplicity of names, many of them perhaps indicating the same chemical substance or its isomers. A standardized nomenclature will eventually be needed.
In the present study, because of the small amounts of pigment available for identification, chief reliance was placed on the partition of the pigments between solutions of 80 to 90 per cent alcohol and petroleum ether, and the determination of the absorption bands. Unfortunately certain different carotinoid pigments give identical bands. Furthermore, the phase test does not separate all of the xanthophylls from the carotenes, and xanthophyll esters pass into the petroleum ether phase with the carotenes. The width of the absorption bands also varies somewhat with the temperature, the concentration of the pigment and the thickness of the layer of solution examined. Despite these sources of confusion, it is possible to identify some pigments and to restrict the possibilities to a few pigments.
METHODS
Batches of thirty or more plates of plain agar about 5 mm. in thickness were seeded with bacteria of the variant form to be tested. The plates were incubated at zt25°C. for two or three weeks. In general, pigment production was best when optimal conditions for growth were provided. Atmospheres varying from 5 to 90 per cent of oxygen had little or no effect on the amount or intensity of the pigment produced. The best yields were obtained from discrete colonies grown on agar at temperatures between 25 and 370C. The pink form, however, produced more pigment on agar when grown at colder temperatures and seeded plates were therefore incubated at 370C. over-night to initiate growth and placed in the ice-box at 100C. for about three weeks. Pink-yellow colonies were also deeply pink when grown at 100C. but yellow predominated when they were grown at 250C. The brown form produced the least amount of pigment under all conditions, often requiring the harvest obtained from several hundred agar plates to provide enough for study. The color of different lots of the brown and pink-yellow crops varied considerably in shade and intensity under apparently similar conditions.
When ripe for harvest, the growth was rubbed and washed from the surface of the agar with a blunt pipette from which a stream of physiologic salt solution was expelled with a rubber bulb. The suspension was collected in tubes and centrifugated. The sediment was washed from the tubes with absolute methyl alcohol into large watch glasses and dessicated over-night at 37TC.
A hard tough crust formed which was scraped off. The dried mass of the mucoid-pink and pink types was readily extracted with cold carbon disulphide. It was necessary to extract pigments of the other types with absolute methyl alcohol in a Soxhlet extractor of the Bailey-Walker type. Extraction was carried on for periods varying from a few minutes to an hour, depending upon the variant form used. The pigments were then dissolved in methyl alcohol, ethyl alcohol, petroleum ether and carbon disulphide, and viewed in a Zeiss grating comparison spectrometer.
RESULTS
The pigment of the mucoid-yellow, smooth and rough yellow bacteria was identical. It went into the alcohol phase. The absorption bands in petroleum ether were found at 474-461, No absorption bands appeared in the spectrometer when bacteria of the white type were extracted. They may perhaps be regarded as albinos. No pigment studies were made of the colorless translucent forms.
DISCUSSION
The hydrocarbon carotinoid pigments are widely distributed in nature. They are synthesized in plants and utilized by animals. Since bacteria also synthesize carotenes they are in this respect like plants except that the pigments, with few exceptions, develop in the absence of a chlorophyll and also in the dark. Moreover, like plants and unlike animals, there is no evidence that bacteria convert carotene or its isomers into vitamin A. Other interesting analogies may be suggested. The hue of the mucoid-pink type is similar to that of the meat of ripe red tomatoes, the pigment of each is spectometrically identical, and is lycopene which is an isomer of carotene. The range of colors of the colonies of different types of M. tetragenus have a striking resemblance as regards variety and hue to the respective characteristic pink, white and yellow colors of several well-known garden flowers such as portulaccas, hollyhocks and four-o'clocks. During colonial type transformation the development of wedgeshaped sectors or bars of a different color was similar in appearance to the variegation of color often seen in individual petals of certain four-o'clock flowers. Many of the red pigments of flowers are anthocyanins which are glucosides, while the yellows may be flavones or xanthines as well as hydrocarbon carotinoids.
In two cases, the change in the amount or intensity of pigment produced depended upon the temperature at which the cultures were grown. Bacteria of the smooth-pink and rough-pink colonies, like the Chinese primrose, Primula sirensis (Onslow, 1921) form less pigment at high temperatures than in the cold. A similar peculiarity was noted in cultures of the pink-yellow type bacteria although the pink pigment is different, (probably rubixanthin). Colonies of the pink-yellow type become deep coral pink during growth at 10'C. but at 250C. or higher they are yellow.
Here another striking analogy exists. Certain tomatoes, nor-mally red when ripe, become yellow instead if grown at 32TC. In this case the color change depends upon the conversion of the red lycopene into its yellow isomer carotene (Thatcher, 1925) .
The color of colonies of the brown type was the most feeble and variable regardless of temperature and was apparently composed of a mixture of one identified pigment, identical with one of the pigments of the pink-yellow type, and one or more unidentified pigments.
Of interest in the present study is the evidence that bacteria of the different types of M. tetragenus, like certain plants, are able to make different pigments which seem to be as characteristic and as constant for the type concerned as are its serologic and other biologic features. Furthermore when one type of bacteria transforms into another, all of the characteristics change to compose the new type. Yet the pattern of dissociation is rather complicated. For example, the cocci of the mucoid phase of the pink type elaborate a different pigment (lycopene) than that (rhodoxanthin) of its presumed smooth and rough phases, and have no serologic relationship with them. On the other hand the mucoid-yellow and the smooth-yellow although they differ serologically, make the same pigment. Furthermore the mucoid-phases of the yellow, white and pink types are serologically related but have different pigments. Other apparent irregularities were observed (Reimann, 1937 a) which need not be discussed here. It should also be mentioned that the pink strain M. tetragenus (ruber) obtained from Vienna was serologically related to the smooth pink form of this study (Reimann, 1936 b) and produced the same pigment. The complex relationships noted are, however, perhaps matched by similar complexities among plants. Willstatter, for instance, showed that while the same anthocyanin pigment may be common to different genera and species, the pigment in one variety of pink Certauria may be different from that of the purple and blue Centauria (Onslow, 1921) .
It would be of importance to determine whether or not the carotinoids or other pigments made by bacteria play a part in the life of the cell or whether, as in some plants, they are to be regarded as either ornamental or as waste products.
SUMMARY
Several pigments responsible for the color of colonies marking the different types of Micrococcus tetragenus were identified according to the technic available. They were carotinoid pigments and had analogues in other bacteria and in plants. Xanthophyll was present in the yellow type, lycopene in the mucoid-pink, and rhodoxanthin in the pink type. Bacteria of the pink-yellow type and the brown type contained 'y carotin or rubixanthin in common, and also other unidentified pigments. M. tetragenus lends itself admirably to studies on the genetics of bacteria.
